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MEASURING TEMPERATURE IN STATIONARY COMPONENTS OF 
ELECTRICAL MACHINES USING FIBER OPTICS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to measuring 

temperature in electrical machines using fiber optics 
and, more particularly , to monitoring winding 
temperatures by interrogation of reflections from a 
series of laser pulses injected into an optical fiber 
routed along an armature winding. 

[0002] Current practice makes use of resistive 

temperature detectors (RTD's) to measure armature 
temperature. This provides local temperature information 
only at the location of the RTD and only at the outer 
surface of the armature bar or coil. Information about 
the actual copper temperature can be obtained only with 
thermocouples embedded in the copper strands. This 
requires that thermocouples be routed through the ground 
wall insulation, and this method is therefore applied 
only for special test purposes and rarely in production 
machines . 

[0003] Location of hot spot is currently obtained by 

locating multiple RTD's in a stator slot along the stack 
length. This provides approximate information about the 
hot spot in the stator slot, but provides no information 
about winding temperature in the stator end windings. 

[0004] Temperature measurement using fiber optics has 

been performed successfully in buried cables, but not 

with sufficient resolution to be useful for temperature 

monitoring of generator or motor windings . Other methods 
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based on optical gratings placed at discreet locations 
have been shown to provide finer spatial resolution in 
aerospace applications. It would be desirable to find a 
way to make this principle work in the electrical winding 
in electrical machines, such as turbomachinery, 
hydrogenerators or electric motors, without compromising 
machine integrity . 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In an exemplary embodiment of the invention, a 

method of measuring temperature in stationary components 
of electrical machines using fiber optics is provided. 
The method includes the steps of (a) embedding an optical 
fiber in a non-metallic ribbon; (b) cutting notches in 
the ribbon to effect bends that accommodate a shape of a 
stationary component; (c) attaching the ribbon and 
optical fiber to the stationary component; (d) injecting 
a series of laser pulses from at least one end of the 
optical fiber; and (e) monitoring winding temperature by 
interrogation of reflections from the series of laser 
pulses . 

[0006] In another exemplary embodiment of the 

invention, an apparatus for measuring temperature in 
stationary components of electrical machines includes an 
optical fiber embedded in a non-metallic material ribbon. 
Notches are formed in the ribbon to accommodate bends in 
a stationary component, and the ribbon is formed of a 
material with sufficient creep strength to support the 
optical fiber while preventing the optical fiber from 
being crushed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGURE 1 shows an optical fiber embedded in a 

flat ribbon material; 

[0008] FIGURE 2 shows the shaped sensor being mounted 

on an armature bar; 

[0009] FIGURE 3 shows a second shaped sensor being 

mounted on the armature bar; 

[0010] FIGURE 4 shows an alternative embodiment of the 

sensor including a sinusoidally disposed optical fiber; 
and 

[0011] FIGURE 5 shows an alternative arrangement. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] FIGS. 1-3 show a double pass interrogation of a 

single armature bar including end arms along with a 
support structure that protects the fiber optic from 
damage during winding assembly and from the 
electromagnetic forces that are exerted on the bar during 
machine operation. To construct the sensor 10, a groove 
12 is machined into a strip of flat ribbon material. An 
optical fiber 16 is placed in the machined groove 12 to 
embed the optical fiber 16 in the material 14. The 
optical fiber 16 is then secured in the ribbon material 
14 with an adhesive such as epoxy. 

[0013] The material of the flat ribbon 14 should have 

sufficient creep strength to support the fiber 16 without 

crushing it. Preferably, the material is a non-metallic 
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material that is compatible with an adhesive resin such 
as a two-part epoxy paste adhesive. 

[0014] As shown in FIG. 2, a width of the ribbon 

material 14 is preferably about one-half the height of a 
bare armature bar 18. The ribbon material 14 is cut into 
lengths slightly longer than one-half of MLT (mean length 
turn) of one coil. Notches 20 are formed in the ribbon 
so that it can be bent to accommodate involutes on the 
turbine and collector ends of the bar 18. 

[0015] As shown in FIG. 2, a first sensor 10 is then 

attached to the side of the bare bar 18 after the end 
arms have been formed by lining up the top edge of the 
ribbon 14 with the top edge of the bar 18. With 
reference to FIG. 3, a second sensor 10 1 is then secured 
to the bar 18 by aligning its lower edge with the bottom 
of the bar 18. Preferably, the sensors 10, 10 1 are 
secured to the bar 18 via an adhesive such as epoxy or 
the like. Although FIG. 3 illustrates a preferred 
embodiment utilizing two sensors 10, 10 1 secured to the 
bar 18, a single sensor 10 may alternatively be centrally 
disposed on the bar or three or more sensors may be 
secured to the bar for higher radial resolution. If only 
one bar is to be monitored, the fibers on the turbine end 
can be connected together (after the series loops are 
brazed) , and the connected fibers can be brought out of 
the machine on the collector end, preferably along a 
neutral connection lead. 


[0016] Series loops are the electrical connections 

between the ends of top and bottom bars at the axial 

extremes of the stator. The top and bottom bars emanate 
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from different stator slots and typically follow a path 
on a conical surface where they become circumf erentially 
and axially aligned, with the top bar being at a smaller 
radial distance from the axis of rotation than the bottom 
bar. Series loops consist comprise electrical 

components, typically copper, which connect the top bar 
with the bottom bar. The series loop connector is 
attached to the top and bottom bars by means of brazing 
to assure a connection that is good both electrically and 
mechanically . 

[0017] FIG. 4 illustrates an alternative construction 

of the sensor. In this construction, the sensor 100 is 
machined with a substantially sinusoidally shaped groove 
12' such that the optical fiber 16 is embedded in the 
ribbon material 14 in a sinusoidal shape. This 
arrangement not only provides a wider radial average of 
temperature measurement but also provides strain relief 
of the optical fiber 16 against thermal expansion of the 
copper bar. As shown in FIG. 4, the pitch of the 
sinusoidal wave in the optical fiber 16 is preferably 
adjusted so that the notches 20 fall at the nodes of the 
wave . 

[0018] Once constructed and installed, laser pulses can 

be injected from both ends of the optical fiber 16, and 
the winding temperatures can be monitored by 
interrogating the reflections from the series of laser 
pulses. Temperature monitoring by interrogation of 

reflections from a series of laser pulses injected into 
an optical fiber is known, and the details thereof will 
not be further described. 
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[0019] The sensors in the present invention can be 

routed along the full length or some portion of the 
armature winding. In one arrangement, the sensors can be 
routed along the bar on the outside of the insulation, 
which, in addition to getting a complete temperature 
profile of the bar, allows direct comparison with RTD 
readings. Alternatively, the sensor can be routed under 
the stator ground wall insulation so as to get direct 
distributed temperature readings of the copper in the 
bar . 

[0020] In an alternative arrangement, with reference to 

FIG. 5, the sensor 10 can be routed through a hollow 
cable or conduit 22 embedded within the bar so that the 
optical fiber can be inserted after braze joints have 
been made between individual pairs of bars that make up 
the armature winding. A clearance 24 is provided for 
axial movement. In one embodiment, the clearance 24 is 
filled with a lubricant, such as grease. This 
construction protects the optical fiber from exposure to 
the high temperatures required for brazing. 

[0021] By embedding the optical fiber 16 in the flat 

ribbon material 14 with rectangular cross section, the 
fiber can be attached to the side of the bar without 
compromising the outward rectangular construction of the 
original bar. Narrow bulges created by the presence of 
either a single or double row of unprotected fiber could 
undermine the ability of a slot support system to 
restrain movement of the armature bars, or alternatively 
could result in crushing of the optical fiber 16. 
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[0022] By injecting laser pulses from both ends of the 

optical fiber 16, the spatial resolution of the 
temperature readings can be improved. Additionally, 
injecting laser pulses from both ends of the optical 
fiber increases reliability of the measurements in that 
data can be obtained over the full length of the 
interrogated path, even if a break occurs at any location 
along the path of the optical fiber. The path along 
which the optical fiber is laid out may be segregated 
into N separately interrogated lengths, one for each 
phase of an N-phase winding. Alternatively, a single 
path may be formed along which the optical fiber is laid 
out along all N phases of a delta-connected winding. By 
injecting laser pulses through the ground wall insulation 
at the low voltage end of the stator winding close to the 
neutral end of the winding, insulation integrity can be 
maintained in all other sections of the winding that are 
electrically stressed . 

[0023] On a two circuit winding, the optical fiber may 

be routed such that the optical fiber forms a single path 
extending down one circuit and returning along the 
parallel circuit of the same phase, with the fiber routed 
in and out close to the neutral end of that phase. This 
arrangement allows penetration of the ground wall 
insulation at the low voltage end of the circuit. This 
routing pattern may be repeated on several or each phase 
of an N-phase winding. 

[0024] Alternatively, the optical fiber on a two 

circuit winding can be routed such that the optical fiber 

forms a single path extending down one leg of one winding 

circuit, starting at the lower voltage end of the winding 
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and returning along the parallel circuit of the same 
phase back to the low voltage end of the winding, this 
being repeated on each phase. 

[0025] In a similar context, the optical fiber can be 

routed on any multi-circuit winding comprising an even 
number of circuits 2N by routing the optical fiber as a 
single series connected path, proceeding up one circuit 
and returning on the other N times so that the full 
length of each circuit has been interrogated. With an 
odd number 2N+1 circuits, the optical fiber can be routed 
as a single series connected path, proceeding up one 
circuit and returning on the other N times with the 
routing on the remaining unpaired circuit being both out 
and back along the same bars, so that the full length of 
each circuit has been interrogated at least once. 

[0026] The optical fibers can be routed out of the 

machines along the connection leads so that the laser 
pulses can be applied external to the machine. In 
hydrogen cooled machines, the optical fibers can be 
routed out the connection leads through the high voltage 
bushings or through instrumentation glands so that the 
laser pulses can be applied external to the machine. 

[0027] As noted, the optical fiber can be routed along 

selected bars noted to obtain a sample of typical 

armature bar performance along a typical armature bar. 

Similarly, the optical fiber can be routed along selected 

bars in both directions so as to form a loop open on one 

of the bars, with half the loop being near one radial or 

azimuthal extremity of the bar and the half of the loop 

being nearer the other extremity. 
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[0028] In multi-turn coils, the optical fibers can be 

routed along individual turns. Additionally, the optical 
fiber can be routed along the surface of insulated 
connection rings of armature windings to measure their 
surface temperature or embedded under the ground wall 
insulation of connection rings to measure their copper 
temperature. The optical fiber can still additionally be 
routed along the top of stator wedges, stator teeth or 
the back of the core to obtain temperature profiles of 
selected regions of the stator core as well as of the 
cooling gas in the air gap of the machine. The optical 
fiber can still additionally be routed along structural 
components of the stator such as frame elements, the 
stator flange, terminal box elements, and stationary 
elements of bearings to obtain temperature profiles of 
these selected regions of the stator of the machine. 

[0029] With the sensor of the invention, temperature 

information throughout stationary components of an 
electric machine can be obtained either during temporary 
test phases or during continuous operation to facilitate 
continuous (both in time and space) machine monitoring 
and diagnostics. The continuous or discreet data of 
operational temperatures measured in the machine with the 
sensor of the invention can be employed in a generator 
parts life assessment model that determines the expected 
life remaining in each component based on the 
temperatures that these components are exposed to during 
the operation of the machine. The results of this parts 
life assessment model can be employed to schedule 
preventive maintenance and refurbishment of the monitored 
generator components . 


9 


124321 


[0030] While the invention has been described in 

connection with what is presently considered to be the 
most practical and preferred embodiments, it is to be 
understood that the invention is not to be limited to the 
disclosed embodiments, but on the contrary, is intended 
to cover various modifications and equivalent 
arrangements included within the spirit and scope of the 
appended claims. 
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